Abstract-A standalone photovoltaic (SPV) system is usually used to provide electricity for people living in the remote areas, like some areas in Sabah and Sarawak of East Malaysia, where the national electricity grid can neither be accessed nor economically extended. The applications of the SPV systems in these areas range from lighting, radio, television and refrigerator to water pump, vaccine refrigerator and telecommunication. Although the SPV systems are sustainable and environmentallyfriendly for electricity generation, high cost is always the barrier to hinder these systems into widespread applications. In order to reduce the system cost as much as possible, a new approach to design the SPV systems is presented. In this approach, the technical and non-technical factors including the selection of the optimal tilt angle of solar array and the maximum battery depth of discharge, life cycle of system, inflation rate and interest rate are taken into account in the system design. The optimal sizes of solar array and battery are determined at the minimum cost for the given load profile and the desired loss of power supply probability.
I. INTRODUCTION
Geographically, Malaysia is located between latitudes 1° and 7° in the northern hemisphere near to the equator and longitudes 100° and 104°. The sun moves from North to South with a daily average sunlight about 12 hours throughout the year. The daytime temperatures ranging from 29° to 33°C are benign to the operation of the standalone photovoltaic (SPV) system. Due to rich solar irradiation and mild ambient temperatures, the SPV system is considered as one of the most promising applications of renewable energy sources to supply power for the remote areas in Malaysia [1] - [3] . Typically, the SPV system consists of solar array, controller with maximum power point tracker, batteries, inverter and loads. Since the solar array is a sole energy source, the power of the system will change significantly with the variation of solar radiation, temperature, load conditions and battery state of charge (SOC). Thus, it is very crucial to optimize sizes of solar array and battery to meet the load demand (or load profile) under the desired loss of power supply probability (LPSP) at minimum system cost.
Many attempts have been explored to optimize the renewable energy system. Most studies emphasized on the hybrid PV systems which includes the wind generator/solar array with battery [4] - [7] or wind generator/diesel generator/solar array with battery [8] , [9] . In this hybrid system, wind energy and diesel energy can complement with solar energy. As a result, the size of battery is relatively small and the role of the battery is less important than that in the SPV system. There were some studies on the size of the SPV system. In [10] , a total of 18 configurations of solar array and battery is defined according to commercially available components, then the performances and costs of the systems were evaluated for the given load demand. The optimum sizes of solar array and battery were only chosen based on the compromise between the LPSP and the system cost in the limited configurations. Furthermore, the mix use of the batteries in two different capacities in one system is seldom adopted in the real applications. In [11] , the influence of the tilt angle on the sizes of the SPV system was investigated for the given load demand, the minimum sizes of the solar array and battery was obtained when a series of tilt angles were arranged as per season. This design can cause the installation of the solar array to be complicated because of the angle adjustment for each season. In all above-mentioned literatures, the selection of the maximum battery depth of discharge (DOD) which affects the life cycle of battery and thus the system cost has not been taken into account. This paper proposes a new method to optimally sizing of solar array and battery in the SPV system by investigating the influence of the technical and non-technical factors on the SPV system. These factors include the selection of the optimal tilt angle of the solar array, the life cycle of system, the inflation rate and interest rate as well as the maximum battery DOD or the minimum battery SOC. The optimal sizes of solar array and battery are determined at the minimum cost of the system.
II. Methodology

A. Solar irradiation
The measured solar irradiation data obtained from Malaysia Meteorological Department is the daily global irradiation on a horizontal plane G (0) from the site. The method in [12] 
Daily diffuse irradiation on a horizontal plane is calculated from
The daily beam irradiation on a horizontal plane is calculated by
Thus the daily beam irradiation on a plane at angle β is Daily diffuse irradiation on a plane at angle β is
The albedo irradiation is generally small. The daily irradiation reflected from the ground onto a plane at angle β is determined by
where ρ is the reflectivity for the ground covers, they are 0.2, 0.3 and 0.4 for dry bare ground, grassland land and desert sand, respectively. Then, the daily global irradiation on a plane at angle β is the sum of the above components expressed by
Solar array output
The energy of solar array is the product of the maximum power output of the solar array, the efficiency of solar array and peak sun hours (PSHs) given by:
max P is the nominal power of the solar array and T is the daily average ambient temperature. PSHs are defined as the number of hours for which the solar irradiation at the 1000W/m 2 would give amount of energy equivalent to the total of energy for that day,
Define the loss of power supply possibility Loss of power supply (LPS) occurs when the energy generated by solar array and available energy stored in batteries cannot supply the load demand on the day (t),
is the load demand, The LPSP in a year is the ratio of the total loss of power supply in a year to the load requirement for a year. It can be expressed as follow:
For instance, if LPSP = 0.001, the number of days the site suffers energy shortage or blackout is 0.001 × 365 = 0.365 days in a year.
D.
Battery life cycle In the SPV system, the battery is normally charged during the day and discharged during night time for daily cycle. The deeper the battery is discharged, the shorter the battery life. Thus, the battery life depends on the selection of the maximum DOD which the battery discharges in each cycle. According to the battery date sheet obtained from the manufacturer, the relationship between the battery life cycle and the DOD is established in Fig. 1 . It is assumed that the battery life will be one year if the battery allowable maximum DOD is 100%. As a result, the influence of the selection of the maximum DOD on the battery life can be investigated.
E. Simulation model
The battery is the key component of the SPV system. When the battery is fully charged, it can not be charged anymore. On the other hand, when the battery is discharged to the preset minimum SOC, it should not discharge to any further extent. The constraint to avoid batteries from overcharge or underdischarge is denoted as If the energy generated by solar array is more than the load demand, the battery will be charged and the energy stored in batteries on day t can be expressed as: 
It means the battery can not charge any more. When the energy generated by solar array is insufficient to provide the load demand, the batteries will be discharged to cover the deficit by 
It means battery should stop discharging immediately.
Therefore, the battery SOC on day t can then be calculated by
Cost analysis The costs of the SPV include acquisition costs, operating and maintenance costs and replacement costs. These costs can be divided into two types. One is the recurring cost, e.g. operation and maintenance (O&M) costs, battery replacement costs. The other is the initial investment costs, e.g. purchasing solar array and inverters. The life cycle cost (LCC) analysis will convert the first type of costs into the present worth (PW) [13] . The LCC for all parts of costs in the system is added together to obtain the LCC for the whole system. The unit cost for the designed SPV system to generate electricity can be calculated. The calculation procedure of the unit cost can be summarized in Table 1 , where the system life cycle is assumed to be n years, and 
where i is inflation rate and d is interest rate. 
II. SIZE OPTIMIZATION
The procedures to achieve optimal size of solar array and battery at the minimum cost can be shown as follow:
1. Set the initial tilt angle (β) of the solar array to zero degree. Then t is initialized as 1 where t is the number of day in the year (t=1 means 1st of January). The energy generated on day t will be calculated by using (1)- (12) . After that t will increase by 1 and the energy generated on the day t+1 will be calculated. The procedure repeats until 365 days. Then t is initialized as 1 again and LPS is set to 0. The minimum battery capacity will be generated. 4 . If the energy generated by solar array is more than load demand, the battery will be charged. Once the energy level in the battery reaches the maximum allowable capacity, the charging will stop. If the load demand is greater than energy generated, battery will be discharged to supply the deficit. Battery will stop discharging when the battery level arrives at the minimum allowable capacity. Then, the LPSP will be calculated by using (13)-(24). t will increase by 1 and step (3) will repeat until the LPSP is calculated for 365 days.
5. If the LPSP is in the range of ±1% of the preset LPSP value, the corresponding LPSP will be stored in an array as finallpsp(j), where j = 1, 2, 3, …, 365. 10. The combination sizes of the solar array and battery whose LPSP is lower than the preset value (e.g. 0.001) are only selected. All the selected combination sizes are used to evaluate system unit costs. The optimum combination sizes of solar array and battery is obtained at the minimum unit cost.
III. APPLICATIONS
The procedure introduced above has been developed into the user-friendly software package by using Virtual Basic. This package can be used for the design and optimization of the SPV system. The following is one design example in Malaysia weather conditions. The solar radiation data obtained from Malaysian Meteorological Services Department is used in the design. The loads of typical house in Malaysia [1] are shown in Table II and the other conditions are shown in Table III. Tables  IV and V show the design results. It can be found that the optimum sizes of solar array and battery are 945 Wp and 643.95 Ah at the tilt angle of 10° and the maximum allowable DOD is 20%. Its corresponding minimum cost of the designed SPV system is US$ 0.788 per KWh. If the commercially available solar array and battery are considered, it can select 16 of 60Wp solar arrays and 650Ah batteries. 
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IV. DISCUSSION AND CONCLUSION Design and simulation of standalone photovoltaic (SPV) system have been conducted. Some discussions and conclusions are summarized as follows.
1. As LPSP decreases, the sizes of solar array and battery will increase. This is because more energy needs to be generated to supply the load in order to avoid power shortage. Hence, the bigger size of solar array is needed to produce more energy. However, it will be more worthwhile to increase the battery size rather than solar array size since the unit cost of the battery is cheaper than that of solar array.
2. The unit cost of the SPV system varies with change of the tilted angle, as shown in Table IV , it is found that the tilted angle of 10° is the optimal angle to achieve the lowest cost of the SPV system in Malaysia.
3. As the allowable maximum energy level of battery (DOD max ) increases as shown in Table V , the size of solar array is almost constant whereas battery size decreases. However, the cost of the SPV system is still increasing. The reason is that the deeper the battery discharges, the battery life will be shorter, thus battery needs to be replaced more often, thereby increasing the system cost.
A methodology for determining the optimal sizes of solar array and battery are presented. This is a useful tool to design the standalone photovoltaic system and evaluate the system performance and cost before the real system is installed.
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